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ABSTRACT 



The goals of this study were to investigate problem-solving 
in a context that requires a rich interaction among social, motivational, and 
cognitive processes and to compare the effects of the mediated and discovery 
models of learning on students' problem-solving processes in the complex 
technology-based learning environment. Subjects were 88 Finnish fifth-grade 
students. Two research groups underwent different instructional procedures: 
the mediated group received Logo-programming teaching according to the 
mediated model; and the discovery group was taught according to the discovery 
model. The essential difference between the groups was that the goal was set 
by the teacher in the mediated group, whereas in the discovery group, 
students set the goal. After the teaching period, students participated in 
the experimental phase, which consisted of an open authentic Logo 
problem-solving task. Students' problem-solving processes were videotaped and 
analyzed according to the following factors: (1) cognitive conflict solving, 

including attempt to resolve cognitive conflict, failure/success in resolving 
of cognitive conflicts, persistence, performance components, and monitoring 
solution processes; (2) cooperation with teacher, including cooperation with 
the teacher, cooperation with another child, assistance seeking, and 
selecting performance components; and (3) explicit planning, including rule 
determination, self -directed work, expressing pleasure, deciding on the 
nature of the problem, and combining performance components. (Contains 16 
references.) (MES) 
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Students’ Problem-solving in a Complex Technology-Based Learning Environment 



Objectives 

Traditional problem-solving research is concerned with individuals’ cognitive processes derived 
from well-defined and relative lean experiments (Bereiter & Scardamalia 1993). Most studies of 
problem-solving attempt to minimize - at every stage of the discovery process - the mutual 
influence of cognition and context for the sake of experimental rigor (Klahr & Dunbar 1988; 
Salomon 1993). The first goal of the work described in this study is to extend earlier studies by 
investigating problem-solving in a context that requires a rich interaction among the processes of 
the social, motivational and cognitive parts of problem-solving. While previous studies have shown 
the beneficial effects of computer to the students’ problem-solving skills upon a structural problem- 
solving situation (Nastasi & Clements 1994), little is known at present of the effect of different 
types of teaching/leaming method in the complex problem-solving situation. The second goal of the 
present study is therefore to compare the effects of the mediated model of learning and the 
discovery model of learning on students’ problem-solving processes in the complex technology- 
based learning environment. The basic presuppositon of this study is that the LEGO/Logo learning 
environment exemplifies the complex technology-based learning environment, in which students 
can learn, first, to encounter cognitive conflicts and, second, to solve those cognitive conflicts in 
adequate ways. 

Theoretical Framework 

Problem solving has been regarded as the skill of finding a suitable way around difficulties when 
striving toward a goal which is not immediately attainable (Holyoak 1991; Mayer 1992). The 
ability to solve problems is one of the most essential features of the cognitive skills of humans 
(Holyoak 1991). Previously emphasis has been placed on context-independent general skills based 
on symbols structmed of individuals in the problem solving (Newell & Simon 1972). Currently, the 
movements of situated and distributed cognition emphasize, that the performance of an individual 
problem solver is based on the social and the cultural determinant, not only on cognitive processes 
(Clancey 1993; Hatsch & Gardner 1993). Although this idea has been allowed in general there are 
few studies of this interaction (Littlefield & al. 1989; L.B. Resnick 1989). This study tries to solve 
this methodological problem by applying Clements andNastasi’s (1988) model of problem solving. 

According to Clements and Nastasi (1988), problem solving includes areas concerning social . 
problem solving, effectance motivation and information processing. Social problem solving means 
the capability of effectively applying problem solving skills to real-life social situations. Effectance 
motivation means the ability to control or effect change in the environment (Clement & Nastasi 
1985). Information processing includes metacomponents and performance components. 
Metacomponents are executive processes utilized in planning and evaluating one's information 
processing (Clements & Nastasi 1988; Kolligian & Sternberg, 1987; Sternberg 1985). Performance 
components are used in the actual execution of tasks. For this study the observational technique 
based on Clements and Nastasi’s model was developed and data was analyzed according to this 
model. 
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Method 

The subjects of this study are 88 eleven to twelve-year-old Finnish fifth-grade students at two 
primary schools in rural communities in central Finland. Although the schools are a sample of 
convenience, there are no indications that they are in any way different from other primary schools 
in Finland. International comparisons (Linnakyla 1993, 1995) suggests that the between-school 
variance in Finland is small. There were no statistical differences between the groups in the 
Piagetian pretest. The mean test score on the Piagetian test was 15.37 in the mediated group and 
16.92 in the discovery LEGO/Logo group, [t(100) = 1.90,/> = 0.061]. Thus, it is reasonable to 
assume that all groups represent typical students in this age group. 

Two research group imderwent different instructional procedures. The mediated group (n=42) 
received Logo-programming teaching according to the mediated model, whereas the discovery 
group (n=46) was taught according to the discovery model. The essential difference between the 
mediated and the discovery group was that the goal was set by the teacher in the mediated group, 
whereas in the discovery group, students themselves set the goal. 

The size of the group taught at a time was 10-12 students and most of the students worked in pairs 
with PC computers. Every computer include LEGO/Logo set with Lego building blocks and 
controllable motors with the Logo programming language. Nine groups were composed, four of 
which were mediated groups and five discovery groups. The 20-hour-long teaching programme 
consisted of the merry-go-roimd - and the robot projects. 

After the teaching period students participated in the experimental phase, which consisted of an 
open authentic Logo problem-solving task. The task involved programming Lego robot to follow a 
certain route. The students’ problem-solving processes were videotaped and the subsequent analysis 
was based on observational measures developed by Clements and Nastasi (1988) (See Suomala 
1996, 1999). The whole problem solving process of each pair was videotaped using on-line 
techniques. A VGA/P AL-video-transfer-card was used to record students’ programming code from 
the computer screen on to the other videotape during the programming process. Subsequently 
students' problem solving processes were analyzed from this real-time video material. To assess 
social problem solving and effectance motivation, observations for each pair of students were 
conducted from the videotape. The occurrence of behavioral features was assessed at intervals of 1 0 
seconds. The frequencies of each variable in the areas of social problem solving and effectance 
motivation were coxmted. 

Students’ conversations during the problem-solving process were categorized according to the 
scheme for information-processing components (See Clements & Nastasi 1988; Suomala 1996). 
Every sentence was categorized into one information processing category. The frequencies of each 
variable in the area of information-processing were coxmted and changed into percentages of 
occurrence. 

In addition, the last Logo program constructed by a student pair during the experiment phase was 
analyzed. In this study operational measures of high quality software have been developed on the 
basis of such observable program characteristics as the program length and the versatility of the 
program. 

Based on observational data, factor analysis was conducted based on variables presented 
previously (Clements & Nastasi 1988; Suomala 1996). Three interpretable and reliable factors were 
composed. Factor I was named as Cognitive Conflict Solving, factor II was named as Cooperation 
with Teacher and Factor III Explicit Planning. 

Factor I, {Cognitive Conflict Solving) included Attempt to resolve cognitive conflict. Cognitive 
conflict. Failure to resolve cognitive conflict. Success in resolving of cognitive conflicts, 

Q Persistence, Performance components and Monitoring solution processes. All previously 
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enumerated variables had a clear loading for the first factor. The highest loadings on the factor 
were Attempt to resolve cognitive conflict (loading 0.84), Cognitive conflict (loading 0.83) and 
Failure in resolving of cognitive conflict (loading 0.77). The variables Persistence (loading 0.66), 
Success in resolving of cognitive conflicts (loading 0.47) and Monitoring solution processes 
(loading 0.47) also had a substantial loading. Only Performance components had a negative loading 
(-0.49) on this factor. To sum up the high score of the cognitive conflict solving factor (Factor I) 
means that students have many cognitive conflicts and that they make many attempts to solve those 
conflicts during the problem solving processes. This process may lead to either failure or success. 
Cognitive monitoring is also related to this process. 

Factor II {Cooperation with teacher) included Cooperation with the teacher. Cooperation with 
another child. Assistance seeking and Selecting performance components. All previously 
enumerated variables had a clear loading for the second factor. The highest loadings on the factor 
were Cooperation with the teacher (loading 0.94) and Cooperation with another child (loading - 
0.94). In addition, the variable Assistance seeking (loading 0.50) also had a substantial loading. 
Although the variable Selecting performance components (loading -0.34) did not have such a 
substantial loading for factor II, it clearly belongs to this factor because the loadings for factor I 
(loading 0.16) and for factor III (loading -0.13) were much lower. The variables Cooperation with 
another child and Selecting performance components has a negative loading on this factor. A high 
score on Cooperation with teacher factor means that students prefer to work with the teacher 
during problem solving. In contrast, a low score on this factor means that students prefer to 
cooperate with another student. 

Factor III {Explicit planning) included Rule determination. Self directed work. Expressing 
pleasure, Deciding on the nature of the problem and Combining performance components. The 
highest loadings on the factor were Rule determination (Loading 0.79), Self directed work (loading 
0.57) and Deciding on the nature of the problem (loading 0.57). Also the variable Combining 
performance components (loading 0.42) had a substantial loading and the variable Expressing 
pleasure (loading 0.25) had a relatively low loading. All variables with the highest loadings for 
factor III had positive loadings on this factor. The high score of Explicit planning means that 
students plan in an explicit way about the final goal of the task and about how this goal could be 
achieved during the problem solving process. Also much self directiveness occurs if students have a 
high score on this factor. Explicit planning describes a planning strategy in which a high score on 
this factor describes a formal programming style like behavior, whereas a low degree of occurrence 
describes concrete programming style like behavior. 

The connections between the different problem solving processes and students school 
achievement and gender were studied. To determine whether there were overall differences 
between the groups in the problem-solving process, described by the variables Cognitive conflict 
solving. Cooperation with teacher and Explicit planning, two three-way analyses of variance 
(ANOVA ) were used. 

Results 

How does problem-solving processes differ in the mediated and discovery group? 

The analysis revealed significant main effect of the learning model for cognitive conflict solving, 
7^(1, 87) = 26.94, /><0. 001. This indicates that the mediated group (x = 0.52) have more cognitive 
conflict solving than the discovery group (x = -0.47) in the open problem solving situation. When 
the variable of cooperation with teacher is used as a dependent variable one significant main effect 
concerning the learning model found, /^(l, 87) = 4.97,/? < 0.05. This indicates that the mediated 
O /roup (x = -0.26) has less cooperation with the teacher than the discovery group (x = 0.24) during 
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the problem solving processes. In addition, when the variable of explicit planning is used as a 
dependent variable the analysis revealed two significant main effects concerning the learning 
model, F(l, 87) = 4.68,/><0.05, and school achievement, F(l,87) = 4.39,/><0.05. This indicates 
that the mediated group (x = -0. 19) shows less explicit planning during the problem solving than 
the discovery group (x = 0.18). In addition, low achievers in the school (x = -0.19) show less 
explicit planning than high achievers (x = 0.18) . There were no significant interaction effects. 

How does girls and boys differ? 

The analyses revealed a significant main effect of gender for cognitive conflict solving, F(l, 87) = 
10.63,7? < 0.001. This indicates that boys (x = -0.28) have less cognitive conflict solving than girls 
(x = 0.30) during the problem solving process. When the variable cooperation with teacher was as 
the dependent variable, analysis revealed the significant main effect of gender, F(l, 87) = 4. 14 ,t? < 
0.05. This indicates that boys (x = -0.20) have less cooperation with the teacher than girls (x = 

0.24) during the problem solving process. And finally, when the variable explicit planning was as 
the dependent variable, the analysis revealed significant main effects of gender, F(l, 87) = S.96,p < 
0.01. This indicates that boys (x = -0.28 ) perform less explicit planning than girls do (x = 0.33) 
during the problem solving process. 

Does the quality of the final Logo program differ between the mediated and the discovery group? 

In the experimental phase, all pairs created a Logo program that worked. Thus, every pair used at 
least moving commands (Forward, Back, Right and Left) in their final Logo program. The mean 
number of all Logo commands was 21.77 commands (range 7 to 88). The three commonest types of 
command were moving commands (mean 10.87), music commands (mean 4.2) and light commands 
(mean 2.66). Only 2 pairs used repeat commands, and only 4 pairs used subprocedures. In addition, 

1 1 pairs used waituntil commands. The complexity of the final program was as follows. Only 3 
pairs used a program that included only moving commands and 10 pairs had two components 
(moving commands and one of the following: light or music or repeat or subprocedures or 
waituntil); 18 pairs had three components; 12 pairs had four components; and, finally, only one pair 
had five components. However, there was no statistically significant difference between the 
mediated and discovery group - nor between any other groups - with regard to the degree of 
complexity of the program. For this reason, the number of music commands was chosen in this 
analysis because it was the only area of commands which differentiated groups in a statistically 
significant way. Thus, the use of music is an indication of the versatility of the final Logo program 
in this study. 

The length of programX in the mediated and discovery groups respectively was 18.90 and 24.39 
respectively [i(69.64) = 1.99 ,/k .05]. The mediated group had an average of 3.71 and the 
discovery group 7. 15 music commands in their final Logo program. This difference was 
statistically significant [i(82.38) = 2.43, p<.05]. 



Discussion 

The results of the study indicated that learning model, gender, and school achievement accounted 
for group differences in the complex problem solving among students. Overall the results were 
interpreted as supporting the validity of the discovery learning model, when students are solving 
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problems in a complex technology-based learning environment (LEGO/Logo). The student’s role 
as an active learner during progressive problem solving should be respected by the teacher but, at 
the same time, the teacher should provide appropriate support in those situations where students 
encounter insuperable problems during problem solving. Consistent with the common view in the 
current literature, this study shows that student’s role as an active learner during progressive 
problem solving should be respected by the teacher ( Jarvela 1996). Especially in situations where 
learners encounter cognitive conflicts or when they show that they have novel ideas, the teacher’s 
role as a sensitive “coach” is important. In the whole class context, the essential questions will be 
how to maintain students’ long-term problem-solving projects and how to assist them to overcome 
obstacles during such projects. 



References 

Bereiter, C. & Scardamalia, M. 1993. Surpassing ourselves. An inquiry into the nature and 
implications of expertice. Chigago, IL: Open Court. 

Clancey, W. J. 1993. Situated action: A neuropsychological interpretation response to Vera and 
Simon. Cognitive Science 17 (1), 87-116. 

Clements, D. H. & Nastasi, B. K. 1985. Effects of computer environments on social-emotional 
development: Logo and computer-assisted instruction. Computers in the Schools 2 (2/3), 11-31. 

Clements, D. H. & Nastasi, B. K. 1988. Social and cognitive interactions in educational computer 
environments. American Educational Research Journal 25 (1), 87-106. 

Hatsch, T. & Gardner, H. 1993. Finding cognition in the classroom: An expanded view of human 
intelligence. In G. Salomon (Ed.) Distributed cognition. New York: Cambridge University Press, 
164- 187. 

Holyoak, K. J. 1991. Problem solving. In D. N. Osherson & E. E. Smith (Eds.) Thinking. An 
invitation to cognitive science, Vol. 3. Cambridge: MIT, 117-146. 

Jarvela, S. 1996. New models of teacher-student interaction - A critical review. European Journal 
of Psychology in Education 3 (2), 249-268. 

Klahr, D. & Dunbar, K. 1988. Dual space search during scientific reasoning. Cognitive Science, 
(1), 1-48. 



Linnakyla, P. 1993. Exploring the secret of Finnish reading literacy achievement. Scandinavian 
Journal of Educational Research 37 (1), 63-74. 

Mayer, R. E. 1992. Thinking, problem solving, cognition. 2nd ed. New York: Freeman. 

Nastasi, B. K. & Clements, D. H. 1994. Effectance motivation, perceived scholastic competence, 
and higher-order thinking in two cooperative computer environments. Joiunal of Educational 
Computing Research 10 (3), 249-275. 

ERJC 



7 



Students' problem-solving 7 



Newell, A. & Simon, H. A. 1972. Human problem solving. Englewood Cliffs, NJ: Prentice-Hall. 

Salomon, G. 1993. Editor's introduction. In G. Salomon (Ed.) Distributed cognition. New York: 
Gambridge University Press, xi - xxi. 

Sternberg, R. J. 1985. Beyond IQ: A triarchic theory of human intelligence. Cambridge: Cambridge 
University Press. 

Suomala, J. 1996. Eight-year-old pupils' problem solving process within a LOGO learning 
environment. Scandinavian Journal of Educational Research 40 (4), 291-309. 

Suomala, J. 1999. Students’ problem solving in the LEGO/Logo learning environment. Jyvaskyla 
Studies in Education, Psychology and Social Research 152. Jyvaskyla: University of Jyvaskyla. 




U.S. Department of Education 
Office of Educational Research and Improvement (OERI) 
National Library of Education (NLE) 
Educational Resources Information Center (ERIC) 



A Bit/L 









o 



I 



REPRODUCTION RELEASE 

(Specific Document) 



I. DOCUMENT IDENTIFICATION: 



Title: - .SoL VIA^6i INJ A <Coh(^LBX TECWN0LC(3(^~ 

e>ASE(b L£Ae/^lA'6i 



Author(s): $UQH/)LA, 



7^ 



Alam/\i^I /A l^l ^ Aia~^a\as.\c) ^ vi A a\cyco 



Corporate Source: U^I^EA-^ITY OP TUAlcU 

5EF»4feTM£A>r OP iw 



Publication Date: 3 

^4/^, .5.(30 0 



II. reproduction RELEASE: 

In order to disseminate as widely as possible timely and significant materials of interest to the educational community, documents announced in the 
monthly abstract journal of the ERIC system, Resources in Education (RIE), are usually made available to users in microfiche, reproduced paper copy, 
and electronic media, and sold through the ERIC Document Reproduction Service (EDRS). Credit is given to the source of each document, and, if 
reproduction release is granted, one of the following notices is affixed to the document. 



If permission is granted to reproduce and disseminate the identified document, please CHECK ONE of the following three options and sign at the bottom 
of the page. 



The sample sticker shown below will be The sample sticker shown below will be The sample sticker shown below will be 




Level 1 Level 2A Level 2B 






Check here for Level 1 release, permitting 
reproduction and dissemination in microfiche or other 
ERIC archival media (e.g., electronic) and paper 
copy. 



Check here for Level 2A release, permitting Check here for Level 2B release, permitting 

reproduction and dissemination in microfiche and in reproduction and dissemination in microfiche only 

electronic media for ERIC archival collection 
subscribers only 



Documents will be processed as indicated provided reproduction quality permits. 

If permission to reproduce is granted, but no box is checked, documents will be processed at Level 1. 





/ hereby grant to the Educational Resources Information Center (ERIC) nonexclusive permission to reproduce and disseminate this document 
as indicated above. Reproduction from the ERIC microfiche or electronic media by persons other than ERIC employees and its system 
contractors requires permission from the copyright holder. Exception is made for non-profit reproduction by libraries and other service agencies 
to satisfy information needs of educators in response to discrete inquiries. 


Sign 

here,-* 


Signature: ^ \ ^ 


Printed Name/Position/Title: 

NiXAM S00hAL/<^, 




OrganizatiofVAddress: TU/^lKU 

(SGf'AP-fMtK'f Op TgftCVltft. IV RAUA/V 

S5mAj/^/\WV\C/^T0 1 ^GIOQ A . 






ERIC 


E-Mail Address: , 

UTO.r*^l 





(over) 



ni. DOCUMENT AVAILABILITY INFORMATION (FROM NON-ERIC SOURCE): • • 

If permission to reproduce is not granted to ERIC, or, if you wish ERIC to cite the availability of the document from another source, please 
provide the following information regarding the availability of the document. (ERIC will not announce a document unless it is publicly 
available, and a dependable source can be specified. Contributors should also be aware that ERIC selection criteria are significantly more 
stringent for documents that cannot be made available through EDRS.) 



Publisher/Distributor: 




Address: 




Price: 





IV. REFERRAL OF ERIC TO COPYRIGHT/REPRODUCTION RIGHTS HOLDER: 

If the right to grant this reproduction release is held by someone other than the addressee, please provide the appropriate name and 
address: 




V. WHERE TO SEND THIS FORM: 



Send this form to the following ERIC Clearinghouse: 

ERIC CLEARINGHOUSE ON ASSESSMENT AND EVALUATION 
UNIVERSITY OF MARYLAND 
1129 SHRIVER LAB 
COLLEGE PARK, MD 20772 
ATTN: ACQUISITIONS 



However, if solicited by the ERIC Facility, or if making an unsolicited contribution to ERIC, return this form (and the document being 
contributed) to: 



^F-088 (Rev. 2/2000) 



ERIC 



ERIC Processing and Reference Facility 
4483-A Forbes Boulevard 
Lanham, Maryland 20706 

Telephone: 301-552-4200 
Toll Free: 800-799-3742 
FAX: 301-552-4700 
e-mail: ericfac@ineted.gov 
WWW: http://ericfac.piccard.csc.com 



